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TITLE: Me Influence of Alloying Elements in Concentration 
Within the Limits of Specified Compositions on Mechanical 
Properties of Steels 1Kh18N9T and 4Kh14N14V2M (Vliyaniye 
legiruyushchikh primesey v predelakh marochnogo sostava 
na mekhanicheskiye svoystva staley 1Kh18N9T i 4Kh14N14V2M) 


PERIODICAL:  Stal', 1958, Nr 10, pp 938-943 (USSR) 


ABSTRACT: In order to determine the influence of the variation in 
the content of alloying elements (within specified limits 
of composition) on the mechanical properties of the above 
steels a statistical analysis of the results of control- 
testiing of production heats was carried out. Mean chemical 
composition and mechanical properties of steels 1Kh18N9T 
after hardening from 1 120, C in water and 4KhI4N14VeM after 
heating ftr 5 hours at 820 “C are shown in Tables 2. 
Frequency curves of the content of individual elements in 
the above steels and indices of thejr mechanical properties 
at testing temperatures 20 and 700 °C are shown in Figures 
1 and 2. The influence of changes in the content of various 
elenents on mechanical roperties of steels IKh18N9T and 
4KhIGN14V2M at 20 Cicntaaton) and 700 ° (denominator) 


Cardl/2 are shown in Tables 3 and 4, respectively. It was found 
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SOV/133~58-10-23/31 
The Influexcce of Alloying Elementi: in Concentration Within the 
Limits of Specified Compositions on Mechanical Properties of Steels 
MKhI8N9T and 4Kh14N14V2M 


that an increase in C, Mn, Ti, W and Mo content in metal 
(within the limits of specified composition) leads to its 
efficient strengthening (an increase in the content of 
silicon has only insigrifisant influence). Nickel and 
manganese as well as chromium improve the ductility of 
1Kh18N9T steel, while carbon deteriorates it. All the 
above mentioned elements reduce the resilience of steel 
although nickel and molybdenum diminish it less than other 
elements. 

There are 2 figures, 4 tables and 5 Soviet references. 


ASSOCIATION: Zavod "Elektrostal’" ("Elektrostal'" Works) 
Card 2/2 


APPROVED FOR RELEASE: Friday, July 28, 2000 CIA-RDP86-00513R00041102000 


"APPROVED FOR RELEASE: Friday, July 28, 2000 CIA-RDP86-00513R0004110200 


MESHCHERINOVAL, ON, kand,tekhn nauk; TRIPONOVA, T.¥., insh,; TORPANOVA, 


APPROVED FOR RELEASE: Friday, July 28, 2000 


G.A., kand.tekhn, nauk; SMIBNOY, Yo.V., insh.; BABAXOY, AA, 
kand, tekhn. nauk; KAREVA, Ye.¥., insh.; ZHADAN, T.4., insh.; 
TALOV, NeP., insh.; TSYPKINA, Ye.D., kand,tekhn. nauk; DORON IN 
VeMy, insh,s DAVTDOVA, L.H., insh.; PRIDANPSEY, M.V., prof., 
doktor tekhn,nauk, red; LIVSH)TS, G,L,, kand,tekhn. nauk, red,3 
BERLIN, Ye.N., red.izdsvat aK tLor a, ¥.T., tekhn. red, 


[Steols with low nicks sontent; a handbook) Stali s ponishen- 
nym sodershaniem nikela; spravochnik, Pod red, MV. Pridantseva 
4 G,%.Livahitea, Moskva, Gos, rauchno~tekhn.izd-vo lit-ry po 
chernoi 4 tsvetnoi metallurgii, 1961, 200 p. 

(mtRa 14312) 
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A161/A133 
AUTHORS: Vorob'yev, Yu.K., Doronin, YiM., Klyuyev, M.M., Topilin, V.V., 


Shiryayev, N.A., Voynovakiy, Ye.V., Medovar, B.I., Latash, Yu.V., 
Maksimovich, B.I, 


TITLE: The effect of electro-slag remelting on th quality of chrome- 
‘nickel molybdenum 34 847. (EI&47) steel 


PERIODICAL: Avtomaticheskaya svarka, no. 1, 1961, 52-56 


TEXT: The authors present the results of experiments carried out with arc 
furnace, vacuum furnace, and electro-slag processes. The chemical composi. 
tion of the EI647 grade steel is (%): 0.10-0.15 C, 14-17 Cr, 14-16 Ni, 2.5- 
3+5 Mo, 0.45-0.85 Nb, not over 0.8 Si, 0.8 Mn, 0.02 S and 0.03 P. It is 
austenitic, is used mainly for seamless pierced and rolled tubes, and the 
ductility at high temperature is of prinary importance. The austenitic 
structure of this steel is not subjected to y —> a transformation at high 
cold deformation or any heat treatment. The surplus component is carboni- 
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tride. Cubic CrgzCg carbide and the invermetallic MoFez phase were revealed 
along with Nb sanboottside by X-ray analysis after long aging at 600-700°C, 
Aging for 500-7,000 hours at 550-700° does not cause any tendency to inter- 
crystalline corrosion when EI847 steel :s preliminarily hardened. The 100- 
hoyr strength limit for hardened B1847 steel is 25 kg/mm* at 650°, and 30 kg/ 
mn“ at 600°, In the tests electro-slag remelting was carried out in a P-909 
(R909) unit, in a 250 mm diameter crystallizers; the consumable electrodes 
were forged rods 140 mm in diameter, cleaned with emery wheel. No defects of 
any kind were found in ingots prepared by electro-slag remelting (Fig.2). 
Ingots produced by aro remelting in the vacuum were nearly as sound. The 
presence of globular inclusions is apparantly due to the high contamina‘ion 
of the initial metal before remelting. The steel produced by electro-siag 
and vacuum remelting had a higher ductility than steel melted by any arc fur- 
nace process (Fig.4); electro-slag remelted steel was less subject to over- 
heating (its ductility remained at same level up to 1,300°C. Conclusionar 

1) Purest (from nonmetallic inclusions) BI847 steel melted in arc furnaces 
was obtained in the process with a fresh charge with rimming and slag deoxi- 
dation by aluminum powder, and by employing Ni-Nb alloys, or ferroniobium 
with a low Si content. ‘This process ensures the best ductility of the steel 
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at high and ordinery temperatures. 2) If very hish purity is required the 
51847 steel must be melted using either the electro-slag or vacuum are re- 
melting with consumable electrodes. Both these netnods result also in the 
highest technological ductility. 3) Ingots produced with the electro-slar 
process differ from ordinary ingots by @ more dense structure, absence of 


mate strength of EI847 steel slightly decreases after electro-slag renelting, 

‘and the yield limit increases. The higher yield limit is due to a decreased 
dendritic heterogeneity owing to the particular crystallization conditions 
in water-cooled copper ingot molds. There are 4 figures. 
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Viet Doronin, MM. Klyuyev, V.V. Topilin, M.A. Shiryayev, Ye. 
Vv. ibynovotsy, Ordena Trudovogo Krasnogo Znameni Institut 
elektrosvarki 1it;{e.0,.Patona ("Order of the Red Banner of La- 
bor"\Zlectric Welding Tiistitute im.%e.0.Paton AS UkrSSR) - 
3.1. 'Medovar, Yu.V. Latash and BI, Haksimovich 
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A054/A129 
AUTHORS; Vinograd, M. I., Candidate of Technical Seilences, Goncharenko, M.S. 
(Deceased), Doronin, V, M,, Topilin, V. V., Chernina, B, G., 
Engineers 77 
TITLE: Improving the technology of 94347 (EI34/) ball bearing steel Y 
PERIODICAL: Stal’, no, 6, 1961, 543-546 —_ 
TEXT: In the structure of the EI347 type steel used in 1956-57 for the 


production of rings of 100 mm in diameter produced from steel sections or disks’ 
made of 200-300-kg ingots the ledeburite was not sufficiently divided, moreover, 
the amount of non-metallic inclusions was found tio be too high. In order to 
improve the technology of this steel grade, tests were carried out with the 
cooperation of Candidate of Technical Sciences A. 3, Sheyn, Engineers V. N. 
Gorskiy, ¥, P, Arkhipova, Ye, V, Laguntsova, 3S, A, Kiseleva, V, Ya, Rybakova, 
Technic’ ns I, N, Bystrik va, Ye, P, Burdyuc ikina, and I, P, Solodikhin, In all 
tests smelting took place by blowing oxygen through the bath and by bottom cast- 
ing. The ladles were made of fireclay or mullite, the weight of the ingots was 
300, 500 and 750 kg, from which billets 80 x 80 - 90 x 90 mm in size were made. 
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The samples cut from strips 10-12 mm thick taken from the billets were heated 
in a salt bath to 1,220° + 10°C with 2 min 30 sec, holding time and annealed at 
680° - 700°C for 1 hour, Then cooled on air, The following six variants were 
tested (Table 1), Table 2 shows that the steel had the lowest percentage of 
non-metallic inclusions when the charge consisted of 35-60% high-speed steel 
scraps, 30-50% IX 15 (ShKhi5) steel waste with the addition of 5-10% ferroalloys, 
In order to assess the effect of the ladle lining 01 the impurities, variant 11 
was poured in a chamotte ladle, variant V in a mullite ladle and variant VI in 
a ladle lined with smooth ("planed") mullite, The vest results were obtained 
with the mullite-lined ladle, the worst results with the ladle lined with smooth 
high-silicon bricks, It was established concerning the temperature that least 
siliceous and globular inolusions were found in the steel cast at 1,570° - 1,600 
C. The cleanest zone in the 500-kg and 750-kg ingots is that under the riser 
head, whereas the part containing most impurities was found in the center of the 
ingot, In order to obtain the required degree of non-uniformity in carbide 
structure of the steel, 750-kg ingots have to be used for the disks and 500-750- 
kg ingots for sectional steel 60-80 mm in diameter, while 300-kg ingots must be 
taken for sections with smaller diameter, In order to remove the surface defects, 
the ingots had to be cleaned to a depth of 5-8 mm, By applying this new 
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technology for EI347 grade steels, the waste in the finished product was less 
than 2%. There are 3 figures and h tables. 


ASSOCIATION: TsNZIChM and zavod parameters |————¥ Wet ee ap lant——| 
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Table 1: Variants of smelting and pour bess paige % 


ing EI347 grade steel: 4 Suictpopemy- 

mea ere 25—30 45—50 10 —20;20 -25;35 ~f0)35—40 
Legend: 1 - composition of the charge, aiixis 1.” 3330.40 — 45:40 —45-10—43'38-—30|35—45 J 
%; 2 - scraps of high-speed steel; Boleipamit- Me, 
3 - steel, ShKh15; h - tungsten-steel* Ho emze* unex: 


tonne cautTKH |15—20} — (30-40) -- as a 
ingots, 5 - soft iron; 6 = ferro~alloys; sysrnoe menesolis—20) — | — (15-20) — |10—15" 


7 - lining of the ladle***; 8 - number Cdeppocnaass | 5—10| 5—10} 5—10,10—15| 5—1010—15 | 
of castings, (ingots) having a weight A@yreposxa =—koB- | 


mente? , 2. Hl ill M M M MC 
of, kg:; * Approximate re a RKonnsectao —naa- 
0.76% C: 0.256 Si; 0.285 Mn; 0,03 S; Pow. pastures 
01034 Pz 2.0% Cr; 9.552 W; 0.708 Vi utr 
0.19% Mo; ** Including 8% of 1Kh13 steel; “39 | , ites Rees on Cee re ere ae 
#ae il = Sh: chamotte; “= M: mullite; 600 ... 5 4 I 2 as 3 = 
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AUTHORS: Vorob'yev, Yu.K.3 Voynovskiy, Ye.V.; Doronin, V.M.3; Klyuyev, M. 
M.3 Topilin, V.V.3 Shiryayev, N.A. a 7 


TITLE: The effect of the production technology on the quality of 9847 
(E1847) steel 


PERIODICAL: Stal', no. 12, 1961, 1,108 ~ 1,112 


TEXT: Tests were carried out to establish the optimum technology for 
E1847 stainless steel smelted in 5-ton and 20-ton ar: furnaces under various 
smelting conditions, applying also electroslag remelting and vacuum remelting. 
The EI847 steel contained 0.05 - 0.106 C, 14 - 17% Cr, 14 - 166 Ni, 2.5 - 3.5% 
Mo, 0.45 - 0.85% Nb, maximum 0.8% Si and Mn, maximum 0.02% S and maximum 0.03% 
P. This steel shows sufficient strength and a high ductility up to 700°C. In 
the various smelting processes soft iron, fresh ferro-alloys, carbon stec! 
scrap [Y7 - Y12 (U7 - U12); 10 - 45], Armco iron, soft low-carbon iron, H-1 
(N-1) nickel, ¥p. 00000 (Khr. 00000) and Xp. 0000 (Kar. 0000) ferrochrome, mo- 
lybdenum and manganese metal were used. Round 500-kz ingots were cast by bot- 
tom casting. To reduce the amount of nonmetallic inclusions in the metal and 
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to improve its mechancal properties, the test steel was also subjected to elec- 
troslag remelting and vacuum-arc remelting. The former was carried out in the 
P-909 (R-909) type installation of the "Dneprospetsstal" Plant with a 250-mm 
diameter mold under the following conditions: 


Slam ccesdy sive ewuseteeevsveeesesevadee! AND <6 (ANE) A(A) AH®-1II 


Slag composition, %: (ANF-1P) 
CO vecccsecscccrerscccccesseesees 70 40 95 
CAO’ o.0:0 050% s:00e0. 0:00:01, 0.0 96e 8 see.0 6:8 wel ex _ 30 5 
AloOg srcscescctcensrcsnensccasencs 30 30 = 
Current density, amp/mm2 secccccecessees 0.20-0. 34 0.23-0.29 0.21-0.31 
Electric power consumption, kwh/ton ...- 1,115 1,370 1,659 
Output, Ke/N ccceccccccccvcccvecccssenes 122.4 99.0 91.5 


The ingots obtained by electroslag remelting are characterized by a compact 
structure and controlled solidification; the dendrive boundaries are less 
strongly marked than in ingots smelted under the standard conditions. The va- 
cuum-are remelting process was carried out in a furnace with a mold-diameter of 
375 mm and a residual pressure of 107! - 10-2 mn Hg. 500-kg ingots were used 
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as consumable electrodes. This method proved less efficient than electroslag 
remelting: The ingots subjected to this process have to be roughed pefore forg 
ing, in the same way 48 the conventional ingots, while this is not necessary 
for ingots’ remelted by the electroslag process. The chemical composition of 
RI847 steel after vacuum remelting only changed in such a way that «ne silici- 
um, niobium and manganese cinder was formed, whereas after electroslag remelt- 
ing there is some sulfur and silicium cinder. The silicium content decreased 
in the various heats by about 0.05 - 0.15%. The niobium-carbon ratio {s at 
least 8 in the steel produced by the various mathods tested and electroslag re- 
melting. This ratio ensures a high resistance to intergranular corrosion when 
checked according to the AM(AM) method (roct 6032-58 (GOST 6032-58) ].. As to 
nonmetallic inclusions the purest grade was obtained when smelting a fresh 
charge with rimming and deoxidizing with aluminum powder under white slag and 
py adding niobium in the form of a nickel-niobium master alloy or ferro-niobium 
with a low silicon content, followed by electroslag remelting. The amount of 
nonmetallic inclusions decreased in this way by a factor of 1.5 - 4. The tech- 
nological ductility of EI847 steel increased when casting took place under the 
conditions described above. An additional reduction of the bath at the end of 
the refining period by metallio calcium increases the amount of brittle silicate 
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and globular inclusions, but, at the same time also raises the steel ductility 

at high temperatures (this ts contrary to the Seneral opinion that inclusions 

lower the steel ductility). The highest degree of ductility in hot deformation 
(torsion) can be obtained in steel remelted with ANF-1P slag and a test slag 
containing 30% Al203, 30% CaO and 40% CaFo. Vacuum-remelted stee) 1S more duc- J 
tile at 1,000 - 1,100°C than steel produced by electroslag remelting, at 1,1590% a 
the ductility is about the same for both kinds of Steel, while at higher tem- 
Peratures the ductility of vacuum steels decreases and that of electroslag-re- 
melted steels does not change up to 1,300°C. The electroslag remelting tests 

were carried out by S.A. Leybenzon, Engineer ("Dneprospetsstal!" Plant) and B. 

I. Medovar, Doctor of Technical Sciences, Yu.y. Latash, Candidate of Technical 
Sciences and B.TI, Maksimovich, Engineer [Institut elektrosvarki im. Ye.0. Pato- 

na (Electtec Welding Institute im. Ye.0. Paton) |. There are 5 figures, 4 tables 

and 3 Soviet-bloc references. 
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AUTHORS: Klyuyev, MoM, Topilin, ¥.¥., Voynovakly, Ye.V., Rozanov, 
D.P., and Doronin, 7.¥M. a 


fe pene omee eigen ee ee 


TITLE: An investigation of optimum conditione for eliminating oxygen 
and oxide inolueions in electro-slag remelting. 


PERIODICAL: Avtomatichookaya avarkao, now 3, 1962, 86-87 


TEXT: The effect of shielding of the slag pool and the end of the consuaable 
electrode, the electrode surface state, and the use of freoh and spent slog 

on the elimination of oxygen and inclusions in electro-slag renaelting, was 

studied on heat-reaistant 3165 ( 9H g6id ) [EP65 (E1961P)] stool. Ingots, © 
1200-1250 kg in weight and 425 mm in diameter, wore oaat in an P -951 (B-951) 
unit. Remelting was tried with fresh and used All -6 (anF-6) fluxes, with 
acale-coated and scale~free electrodes. Shielding by nitrogen and curben 
tetrachloride with and without a lid on the mold waa also used. Boot re- 

pulte were obtained with scale-free electrodes, fresh slag with a low con=- 
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tent of nondurable oxides (8102, FeO, Cro0:, MnO) and ohiolding of the slag 
pool. Best shielding results were obtained with a iid on the mold. The 
oxygen content was reduced from 0.005% in the electrode to an average of 
0.003% in the ingot efter renelting; the content of oxide and silicate in- 
clusions dropped by alightly over 50%. Introductions of nitrogen under the 
shielding lid further reduced the oxygen contont from 0.005 to 0.002%, and 
the contont of inolusions dropped correspondingly. It was stated that che : 
top of electro-alag ingots, consisting of metnl solidified after the furnace YY 
has been switchod off, contained more oxygen than ths tail portion where the 
oxygen content was 2-2.5 times leso than in the initial metal. The use of 
spent slags for remelting EP65 ateel does not halp to eliminate oxygen and 
rooults in more globular inolusions. The composition of nonsetallic in- 
clusions in comparison to the initial metal and throvgh the height of 
eleotro-slag ingeto,is different due to increased content of silica, iron 
oxides, chromium and manganese, and reduced alumina content. Metal remelted 
by electro-slag process with the use of the investigated shielding nethodls 
has an improved plasticity and impact strength in tests of longitudinal und 
! 
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particularly tranoveroe specimons, as well as leso aniaotropic mechunioal 
properties. It was atated that the impact strength of metal, particularly 
in transverse specimens, inoreased with diminishing content of oxide 
inclusions. [Abotracter's notes Complete translation, 
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Electric dlag remelting of Heat-resiatant; stainless steels. Stal.' 
23 no.92805-809 3 '63. (MIRA 16:10) 
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AO54/A126 
AUTHOR: Doronin, V.M.. Engineer 
TITLE: ’ Heat treatment and mechanical properties of 1X12H2 BM® 


(1kh12N2vMF) grade steel 
PERIODICAL: Stal’, no. 2, 1963, 162 - 166 


TEXT: The effect of heat treatment and the composition of heat-resistant 
1Khl2NevMF [ 91961 (E1961) } grade were studied (in cooperation with M.I. Oveha- 
renko and A.M. Yevteyeva, fechnioians). The grade [according to roct(cost) 
5632-61} consists of 0.10 - 0.166 C, 10.5 - 12.0% Cr, 1.5 - 1.8% Ni, 15 - 
2.0% W, 0.35 - 0.50% Mo, 0.18 - 0.30% V, maximum 0.6% Si, and maximum 1.10% 
Mn. The conditions of austenite formation, the stability of austenite and its / 
dependence on the temperature of austenitizing were established. A complete 
4sothermal decomposition and a required (Hp < 269) hardness of the grade are ob- 
tained after austenitizing at 1,150 - 1,20 ’c, with Lsothermal holding times at 
650 C of 40 and 60 h, respectively. When heat treatment conditions are deter- 
mined, regard should be had to the fact that the EI961 grade (between 1,000' and 
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1,100°C) 18 near tl double-phase range. Thus, any modification of the content 
of its components - even within the allowed limits - affects its mechanical 
characteristiag. Therefore, upon an additional alloying with ferrite-forming 
and austeni te-forming elements, other substances should also be added in equiva- 
lent amounts. Of the ferrite forming elements, 0.3 - 0, 5% molybdenum inoreases 
the steel strength, while vanadium and silicon have a strengthening effect only 
1f thoir amounts are under 0.25%3 Cr, W, P, 3 lower the strength of the steel, 


The optimum combination of strength and duotility is obtained in the EI961 grade 
in the final heat treatment at an annealing temperature of 560 C, if the steel 
is to be used for operations at temperatures not too high, whereas if it is sed at 
higher temperatures, the annealing temperature should be 690 - 700°C. ‘The ef. 
fects of carbon, the ferrite and austenite forming elements on the mechanical 
characteristics of the EI961 Srade after heat treatment (annealing at 560 and/or 
690 C) are given. There are 5 figures and 1 table. 
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TOPIC TAGS: steel structure, steel phase composition, alloy steel, steel plasticity, 
steel oxidation, chromium steel, mangauede steelj“alumiium steel ¢ 
ans 4G ~~] 

ABSTRACT: X=ray and} silenaaleuceinal analysed were used to examine the structure and 


3 be 
ae i phage composition of @ “of 8 samples of carbon (9. 5%)- mangsneso (15% - alurrinum (3%)- based 4 
| steel with chromium (14- 25%}, atckel (to 3%) and copper 2.5: 7) additions In an attempt to 
: develop ctee brande with enhanced scale resistance The 14-19 mm long rod-shaped 
Sian 3 samples were rolled at 1180C from 45-kg steel ingots prepared by pouring melts directly 
3 into moles at 1500-1560C:. The integral intensity of the austeiitic (111) ine, ferritic (Li9) 
3 : i line, and (419),4212), and (411) é-phase Hinas were detarnined using an :ron-emission 
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URS-50I apparatus for angles of 27-20° in samples quenched from 1100C ard aged at 700C — 
for i0 hrs. Tho effect of hardening at 550-800C, and temperature (550-805C)} and duration 
ft- 160 hra.j of aging on the microstructure and hardness was ulso investirated, and the 
scale-resistance was determined from Weight gain by the previmely desershed method of 
Ct sneus we ghing. The results show that: 1) treatment st 04° ©90€ of «& eals with 
7 Perv ium contents in excess of 18% results in brittleness ‘fue to the formation of a 
jitoe 2) eteel with leer than 18% chromium retaina ack fuate plasticity after aging at 
“Cant 3) scale restetaice at 900C ig greater in sampler with an alumirour content in 
mycens ot 2 5'E while aluininum additions at 10C0C and ectrormiiim additions of ‘8-25% at 
‘su icimpeeratirea Rave little effect on scale resistance, Crig. art. has: 6 tables, 
@ figures and 1 formula. 


ASSOCIATION: None , 2 
SUBMITTED: 16Jun64 ENCL: 00 SUB COvE: MM 
SQ REF SOV: 006 OTHER; 001 
Card 2/ 2 
ith ften cnGemaee cane ee ecm parma oT Pena GI eR ANNIE AC eeeaesieseee 


APPROVED FOR RELEASE: Friday, July 28, 2000 CIA-RDP86-00513R00041102000 


"APPROVED FOR RELEASE: dees July 28, 2000 CIA-RDP86- COS ES ROOD EL 0200 


Fae aNC ETO raises Ts APSE ET RAPE EEE 


L 20078-65 = EaT (m9) /esP( b) /1/eesa( a) (ENP Ct) MJW/JD 
TACUESSTON NR. AP404910" 8/0129/64/000/011/0037/0038 ies a 
“HOR Col'denberg, A, A.; Doronin, V. M.; Ptyankova, [. 2). ee 
SS ere RRA TO Eee — fa, 
- ~~Y 


“r'tb- The opimal range for heat treatment of steel iKh! 2INEVMF 
ee ee 


SOURCE, Metadovedentye 1 termicheskaya obrabatka metailov, no. 11, 1964, 37-38 


TOPIC TAGS: uteel tempering, steel quenching, steel heat treatment. steel mechanical 
pruvusrty- steel KhRIZN2VMF 


ee eee samples of steel IKh12N2VMF (0, 12% 7, 11.12% Cr, 1.64% Ni 
my Mo, 2,209 V, 0.33% Si, 0.42% Mn, 0, 016% S, and 0, 022°: Pp. 20 mriitn dvameter. 


eit were heated to 780C and cooled in the furmace te aie Pfterts ci heating 
cuerura were studied by cooling samnmies ine oa Sorters from : 
i “fe 3 Rene, tae a 
vee srus ae ui, AT dav, UNG CAPDIGe® anal vues as ae a a LR ea ae SL 
tr hes tnGi pivperlies were Getenn.reo 80.00 68 ht perature, 
DAt ides sing temperaiure for this steel wes eund b2 be ivub iusuc., The best 


combination of curability and ductility (CY = 110kg/mm2 and ae = 10-12 kg-m/cm2) was : 
achieved aiter quenching and tempering at 670-680C. Ori art, : pha el a 
ere hee ng g. has: 4 graphs aod 1 phote 
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Fig. 1, (upper graph) Mechanica! properties of steel 1Kh12N2VMF as 2 function of 
tempe rings temperature (fb, Cg tn kg/mm, agin kzgn/en2. 5. win % (Quenched 
‘rom 1000C.) (lower graph) Hardness as a functien of quenching ter perature 
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if 4 
ABSTRACT: Ingote of £1961" (ikh1 2N2ver VHP) steel (0.10-0.16% C, 50.60% Si, <0.60% Mn, 
0.030% S, 0.030% P, 10.0-12.5% Cr, 1.5-2.0% W, 1.4-1.8% Ni, 0.35-0. 50% Mo, 0.18-0.:10%) 
V) tend t:o display a pronounced axial shrinkage porosity accompanied by clusters o/' 


ngs, detected by ultrasonic inapectioni{X-ray structural analysis established that: 
the oxide films coating the metal surface at the sites of lamination represent 
APinels Of the FeO-Cr 203 type. Hence, the possibilities for improving the technique | : 
of production of chase ngote so as to decontamirate the metal and eliminate axial 

porosity in ingots have been investigated at the Elektrostal' Ants Since modifi- 
cations of the charge-blending and melting regime did not produce the desired effect, 
attention was centered on the effect of ingot and mold parameters and pouring con- | 
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ditions on-the compactness of the exial zone of the ingot. It was thus found that 
reducing the h/d PA (height-to-mean diameter) ratio from 3.22 to 0.59 completely eli- 
minated axial porosity. Increasing the angle of taper K of the ingot also contributes 
to eliminating axial porosity, but to a smaller degree. Use of thin-walled molds 
makes it: possible to retard the cooling of the ingots and contributes to reducing 

the degree of development of porosity. A relationship was established between the 
criterion h/d_ °K (where K is angle of taper of the ingot, in %) and the contami- 
nation of E1961 steel by nonmetallic inclusions, The lower h/d_.*K is, the lower ‘is 
this contasination, It may be assumed that this rule applies also to other steels 
(e.g. ball bearing steel), The waight G of the ingot also affects contamination: all 
other things remaining equal, contamination is smaller in smaller ingots. Thus, the 
general criterion of ingot quality may be represented by } hG/Kd,,, where the coeffi- 
cient » takes into account the pouring temperature of the metal end its heat con- 
duction, specific heat, viscosity, and surface tension at the interface of the in- 
clusions and liquid phase. Orig. art. has; 4 figures, 3 tables. 
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TITLE: Chrome-manganese-nickel ateel with nitrogen for internal combustion exhaust 
valves bp . F 
Avtomobil'naya promyshlennost', no. 3, 1966, 31-33 73 


TOPIC TAGS: internal combustion engine, valve, high temperature steel, chromium, 
manganese, nickel, hardness, durability, engine reliability, CARomivm STEEL, 
MAWAAVESE, STEAL, NICKEL STEVL / P30 3 NCNM TEMPERATURE STEEL. | 
ABST. The authors discuss and criticize various grades of steel used for valve 
proauftion A comparison of existing grades of steel for valve produgtion shows that 
EP303\bteel is best suited for this purpose. It retains its hardness\| At temperatures 
of 100~900°C. 8 shows fs it can withstand tempersfures from 80 to 100 degrees 
figher than E169 tnd EP48 Wteels. EP303 steel was teodea. for thermal stability to 
determine its resistance to scale formation in air and Yorrosion resistance in lead, 

. pxide at 900°C. EP303 steel compares favorably with the other grades of steel tested. 
i The test results were used as a basis for trying out this steel in the mass ‘production 
lor valves. The manufacturing process is discussed. Valves made from EP303 and EP48 
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steels were then compared on teat stands and under operating conditions. These tests 
yere carried out at the Gor'kiy Automobile Plant. The valves were tested in GAZ-51, 
GAZ-5la and GAZ-21d engines and others. High octane gasoline was used throughout the 
test since it develops high temperature conditions. Tests showed that valves made 
from EP303 steel retain their clearances throughout the test period in contrast to 
those made from EP48 steel. The data acquired during stand testing are in agreement 
i with operational data. Valves made from EP303 steel have a hardness Th 38. These 


valves operate very well in GAZ engines and improve engine reliabilityG The service 
life of the new valves is triple that of valves with a built up VKhN-1'facing, and 
more than four times that of valves made from EP48 steel. The production of EP303 

; {steel has been adopted by the Gor'kiy Automobile Plant for making the exhaunt valves 
i of GAZ and ZMZ engines. Orig. art. has: 4 figures, 1 table. 
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PIC TAGS: martensite steel, metal heat treatment, steel forging 
hosmucr: 1 E1961, E65! and other types of high temperature steel characterized by high. |" 
sieigme stability are not suited to continuous retarded cooling after forging. - 

is is explained by the fact tha 4 continuous retarded cooling after forging does not 

nsure the elimination of cracks| n large forgings. A successive softening heat . 
reatment process was developed at the "Elektrostal'" Plant which completely eliminates|- 
uch defects in crack sensitive steel. This new heat treatment process was tested, : 
der industrial conditions and proved to be highly reliable. The. process can be re~- 
| ommended for grades of steel of this type provided that the necessary corrections are 
onsidered such as the stability of supercooled austenite, crack sensitivity of the. ' 
iven steel, forging dimensions, shrinkage and the particular design of furnace equip- 
ent. Orig. art. has: 3 figures, 1 table. ‘> 
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TOPIC TAGS: corrosion can alloy, intergranular corrocion, nickel base alloy, 
[pabague otrength 3 


lABS STRACT: The authors study and compare corrosion resistance of various types of , ; 
nickel-based alloys. The welded joints of these alloys are subject to intercrystallin 
corrosion in aggressive median. Methodg¢éare discussed for eliminating this phenoyenon. 
Among, these methods are heat treatment lof the welded joints, reduct:on of carbon “and 
ior denen in the alloys and the introduction of carbide-forming elements. 1 it was : 
found that ay peseeyetany ene corrosion could be eliminated by alloying N/OM27 ‘alloy ¢ 
with 1.4-1.7% vanadium} This eliminates intercrystalline corrosion in welded joints |: 
up to 6 mm thick without requiring heat treatment. The new alloy is designated EP496. 
It was also found that intercrystalline corrosion could be eliminated in chromium- 
nickel-molybdenum alloys by reducing their carbon-silicon and iron content. The new 
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at 1200°C which is 3-4 times higher than that of Khi6NgT' steel. A new process is de- 

veloped for melting ond pressure working these alloys to satisfactory deformability. 4 

EP496 ond EP567 alloys are melted in open induction furnaces with 500 and 1000 kg ca- 4 
1 
j 


’ ie 
alloy is designated EP567. Both of these new alloys havda fatigue limit of 5-7 kg/mm ‘ 


pacity. The ingots are worked ‘on snagging machines until all devects are removed from 
their surfaces. Both alloys are difficult to machine, nevertheless, they can be 
roughed with much less difficulty than Khi8N10T steel. Deformation temperatures for 
both alloys are given. Both of these alloys have excellent corrosion resistance in : 
Inydrochloric and sulfuric acids at various temperatures and concentrations. The : 
welded seams of these alloys are not subject to intercrystalline corrosion and there- 
j 
r] 


fore can be recommended for welded sheet structures and tubes,used in the chemical and 
petroleum industries. Orig. art. has: 6 figures, 2 tables. . 
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euséstanes/15Kh16N2M stainless steel 


ABSTRACT: A new stainless and heat-resistant steel designated 15Kh16N2M has been 
developed for use in parts operating under stresses at elevated temperatures up to | 
500C in marine or tropical @tmospheres. {The steel is intended to replace 4, 
previously used 1Kh]2N2VMF| 13Khi4NVFRA! Khi7N2(' and Di-l/steels. The two former ; 
are heat resistant at temperatures up to 500—600C bul, are susceptible to corrosion 
in marine and tropical atmspheres. ‘the latter two have a high corrosion resistanae; _ 
put are not suitable for operation ee ce over 400C. In addition, . | 
Kh17N2 steel has a poor forgeabilitylbwing to a two-phase structure with a delta- 
ferrite content of up to 402. 15Kh16N2M steel has none of the above disadvantages | 
It contains 0.12—-0.18% carbon, 15.0--16.5% chromium,2,0—2.5% nickel, 1,.2—1.5% 
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molybdenum, and 0.005—0.12% nitrogen. Steel austenitized at 1040—1050C (optimum © 
temperature) and oil quenched has 4 martensitic structure with 5—10% deltaferrite.'., 
The best combination of strength and ductility (for elevated temperature service) — 

is achieved by tempering at 500-550C or 660-680C (see Fig. 1) At 500C, steel 


Fig. 1. Tempering temperature dependence of 


i170 
180 tensile strengtn (o,), yield strength (o,)> 
elongation (5), reduction of area (y), and notch 
ce toughness (a,) of 15Kh16N2M steel, oil quenched , | 
110 from 1050C. \ 
0 
3” 
* 50 
Te) 


tempered at 580C had a 100 hr rupture strength cf 45 kg/mm, a 500 hr rupture all 

strength of 40 kg/mm?, a creep strength of 27 kg/mm? (for 0.2% total creep in 100 hy, 

and a fatigue strength of 45 kg/mm? for smooth specimens and 26 kg/mm for notched — 
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specimens. Conventionally arc-melted steel has a rather high anisotropy of 
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duced by electroslag melting. The 
mechanical properties, which can be greatly re 
corrosion alataice of 15Kh16N2M steel is close to that of Kal 72 SE), 
former is not susceptible to pitting. Orig. art. has: 5 figures an . | 
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AUTHOR: Verner, K. A.; Buynove A. F.; Doronin, V-_M: 
ipITLE; Austenite steel with low nick@fconventration Tor the exhaust valves in ine i 
‘ternal combustion engines operating at temperatures up to 900°C | 

Abs. 6.39.188 


» 
Ref. zh. eidatelt ynutrennego sgoraniya, 
in-ta, vyp- 81, 1966, 66-68 


Tr. Tsentr. n.-i. avtomob. 4 avtomotorn. 
tee 

TOPIC TAGS: engine exhaust system, high temperature valve, internal combustion 
engine, low alloy steel, austenite steel : 

ABSTRACT / EP303 low~alloy chrome-manganese-nickel au 
for the exhaust yalved\in internal combustion engines operating 
to 900°C. Heat treatment conditions have been worked out for producing high mechanic 
properties in EP303 steel at high temperatures. The nardness (HRC up to 38) eciel 
from heat treatment of the valves obviates the necessity for using hard metal surfacing 


or special caps on the ends of the valve rods. EP303 steel has satisfactory technolo- 
ies during steel production and manufac 


turing of the valves. Exhaust 
lvalves made from EP303 steel ensure reliable engine performance, 


a stable heat gap, 
alve plates and an increase in their service life by 4 fac- 
8 stgel valves. The 


“Blektrostal'” Plant has worked ell : 
on’of EP303 steel throughout the entire metallurgical cycle. 
Automobile Plant in production of exhaust 
ation of abstract] 


— 


stenite steel has been developed 
at temperatures up 


\""bugs" out of the producti 
EP303 steel has been introduced by the Gor 
valves for the GAZ and 2MZ engines.- (Transl 
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“ACC: rims qn6o3hh59 CA source copes UR/0000 /66 /000/000 /0228/0231 


.|ORG: none 


TITLE: New heat resistant steel for the exhaust valves of internal combustion engines 


SOURCE: AN SSSR. Institut metallurgii. Svoystva 1 primeneniye rharoprochnykh 
splavov. (Propertivs and application of- heat resistant alloys). Moscow, Izd-vo Nauka, 
1966, 228-231 


TOPIC TAGS: heat resistant steel., valve, internal combustion engine 


- |ABSTRACT: Existing steels with somplete phase transformation, Types 4h9S2, 4hi0S2M 


(ET107), and EI992 have high critical points but at temporatures above 750° have low 

- |Igtrength and insufficient corrosion resistance. For this reason, a new economically 
alloyed austenitic steel Type 51303 has been developed; it has tho following chemical 
compositions - 0.59066 C; B=L0% Mns 19-22% Cr} 3051.56 Nis 065=1.0% Mo; 0.3-0.5% Ne 
The steol is moilted in electric arc furnaces. ‘The nitrogen is introduced in the form 
of nitrated ferrochrome with a content of from 1.5 to 7# nitrogen. ‘he degree of 
absorption of nitrogen by the metal, at small concentrations, is about 20% of the 
amount introduced. With an incaease in the amount introduced, the absorption drops to 
about 54%, ‘The final nitrogen content in steel EP303 tends toward a constant value of 
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[ACE NR 47603459 a — | 
the order of 0.34=0.37% A teble shows the tensile strength of a number of valve 


steels, including the new elluy. A further table shows the comparative corrosion 
resistance of these alloys at 900°C. ‘he new alloy is shown to be superior on all 
counts for valve contruction. Orig. art. has: 3 figures and 2 tables. 
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ACC NRiAP70069 46S SOURCE CODE: UR/0129/67/000. 7001/0046/0048 | 


AUTHOR: Verner, K, A.3 Zelenova, V. D.; Doronin, Ve Mei Buynov, A. F. 


ORG: NAMI; GAZ; "Elektrostal'" Factory (Zavod "Zlektrostal'") 


5kh20NyAG9 steel 
SOURCE: Metallovedeniye 1 termicheskaya obrabotka metallov, no, l, 1967 


6-48 

4 4 : eal atinchoe, ‘ 

TOPIC TAGS: austenitic steel, “precipitation hardenable steel, phosphaw 
; chromium, cantatstng—stect , manganese, contacnste—sreet., 

molybdenum, contvediing—=stael , nickel, condesetms %, nitrogen, stub preprtyy 

hoa. C6 attion,. valve, exhaust valve, ssmex mechanical property 


Kh2ONyAGS steel 


ABSTRACT; ‘The effect of phosphorus on the mechanical properties, 

structure, phase composition, and dispersion strengthening of austenitic 
SKH2ONYAGS steel (0.51-0.60%C, 0.36-0.86%S1, 8.61-5.95% mn, 20.2~21. 2001", 
3,.95-52Ni, 0.68-0,73% 0, 0.2-0.302N, 0,016~0.42%P), used for anesne 
exhaust valves, has been investigated. Ingots were forged at 11 0-950°G 


TITLE: The effect of phosphorus on the structure and properties of | 


Cord 1/2 ue: 669, 14,018, 82620.17:620,18 
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ACC NRIAPTOO69Y6 


rolled to bars 20-25mm in diameter, and made into valves which were 
austenitized at 1150—1200°C, quenched, and aged at 700~—800°C, Alloy- 
ing 5Ih20NyAG9 steel with phosphorus increased the mechanical properties 
at room and high temperatures, For instance, at 20 and 800°C, steel 
with 0,16%P and 0,72¢Mo (Mo added up to 1% retards grain growth which 
is ingreased by P) has, respectively, a tensile strength of 133, and ky 
xe /mm®, an elongation of 6 and 10%, a reduction of area of 10 and 18%, 
notch toughness of 1,38 and 3.63 kgm/cem®, and a Brinell hardness of 33 
and 124 compared to 103 and 34 kg/mm2, 8 and 25%, 10 and 28%, an unde- 
termined notch toughness, and an HB hardness of 302 and 109, at 20 and 
800°C respectively, for 5Kh20NYyAG9 steel containing 0.0u%P, Steel 
containing 0.2%P and up to 1% Mo had the best combination of mechanical 
properties, Up to 0,2%P intensifies dispersion strengthening. After: 
quenching, the phosphorus, disolved in austenite, increases the lattice 
parameter, brings about strain and stress in the lattice, and increases 
the rate of precipitation of chromium carbide (Cro3C6) and nitride 
(CroN), but P itself remains in the solid solution, -Orig. art, has: 1 
figure and 1 table. . te as if 


| (ww) 
SUB CODE: 11/ SUBM DATE: none/ ORIG REFS 907 


Card 2/2 


APPROVED FOR RELEASE: Friday, July 28, 2000 CIA-RDP86-00513R00041102000 


"APPROVED FOR RELEASE: Friday, July 28,2000 CIA-RDP86-00513R0004110200 
a 
DORONIN, V.t.; NIKOLAYEV, A.M. 


Ultimate load of a pulsed extraction eign Iav. vyS. ucheb. 
PAV e 032497-500 Ae 
nave} khim. 1 khim. tekh. 7 no 3:49 ie 190) 


1. Kazanskiy khimiko~tekhnologicheskiy institut tmeni Kirova, 
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Masa transfer jn a pulse extraction column with rotating stream. 
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DORCHNIN, V.Ne, inzh.; ITKOLAYEV, A.M., doktor tekhn. nauk 
Investigating a pulee extraction columr. with rotary fiowe 


in, 1 neft, mashinostr. no.c:5<6 F '65, . 
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Studying the kinetics of the spontaneous die 
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n002h:37-45 1596 
(Potassium ferrate) 
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PIONS, ee A. 26-58-6-11/56 
AUTHOR: Vinogradov, N.P., Golitsyn, S.V., Doronin, Yu.A. 
iide se caaktiine Sea TE Red 
TITLE: Conserve a Precious Natural Monument (Sokhranit' tsennyy 
pamyatnik prirody) 
PERIODICAL:  Priroda, 1958, Nr 6, p 56-57 (USSR) 
ABSTRACT: The article deals with the pine forests located in the Artem 


ASSOCIATION: 
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mountains (Donbass). In 1774 these mountains were covered by 
one vast pine forest. Since that time most of the pine trees 
have been felled, and oak trees now prevail. However, about 
100 ha of the ancient pine trees growing on chaik soil are 
still untouched. Unless immediate steps are taken, these trees 
will also be destroyed. The authors atrongly recommand govern- 
ment control over those precious ancient pine trees. 


Agrobiostantsiya "Galich'ya gora", Lipetskaya oblast’ 
(Agricultural and Biological Station "Galich'ya Gora", Lipetsk 
Oblast’) 
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"Changes in-the forest-steppe vegetation of the Russian Plata 
under the influence of human activities during the 16th - 16th 
centuries" by AM. Semenova-Tian-Shanskain. Reviewed by 3.P. 


Vin dov and others. Bot.shur. 43 no.10:1491~1493 O '58. 
alates (MIRA 11:11) 


1. Voroneshakiy gosudarstvennyy universitet. 
(Phytogeography) (Semenova-Tian-Shanskaia, A-M-) 
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Donskoye Belogro'ye as-a new region of the "lowered Alps" in the 

central Russian Upland. Bot. zhur. 45 n0.41524-532 Ap 60. 
MIRA 3 
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(Donskoye Belogor 'ye~-Botany—Ecology ) 
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(Compressed wood and wood plastics in the machinery industr7; 
@ manual] Pressovannaia drevesina i drevesnye plastiki v ma- 
shinostroenii; spravochnik, Moskva, Mashinostroenie, 1965. 
147 p. (MIRA 18:3) 
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CERCA MES PERRET 


: ORG: none Be 7’ nh 8 
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TITLE: reparation of wood atietel Class 38, No. 178971 [announced by the w 
Institute of Wood Chemistry AN LatSSR (Institut khimii drevesiny AN Latviyskoy SSR) 

and Central Scientific-~Research Institute of Plywood (Tsentral'nyy nauchno-issledovatell 
| skiy inatitut fanery)] hy 


SOURCE: Izobreteniya, promyshlennyye obraztsy, tovarnyye znaki, no. 4, 1966, 65 
TOPIC TAGS: plywood, wood chemistry, wood plastic : forut product 


' ABSTRACT: An Author Certificate has been issued describing a method of preparing woo 
plastics. To improve the physical and mechanical properties of the end product and 
lower the amount of binde Stor making wood plastic from veneer sheets or ground wood, |- 
the latter are treated, prior to pressing, with a 25-percent solution of ammonia for 

4 hr at 18-200, The treated sheets are combined with untreated sheets during ae 
LD 
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ee el NRE RNa rs, 
Accretion of sea ice. Probl.Arkt.i Antarkt. nol: 73-80 
'59, (MIRA 1337) 


(Sea ice) 
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Transformation of air massen moving over the ice ccver. Frodl, 


(MIRA 13:6) 
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AUTHOR: _Doronin, Yu. Pe 
TITLE: Turbulent heat transfer between ice layer and 
atmosphere 


PERIODICAL: Referativnyy zhurnal, Mekhanika, no. 1, 1962, 
96, abstract 1B658 (Tr. Arkt. i antarkt. ne~i. 
in-ta, 1959, 226, 19-29) 


TEXT: Calculating a turbulent heat flow and heat losses on ih 
evaporation is based on differential observations specially ob- 

tained from the drifting stations Cn-4 (SP-4) and CN-5 (SP-5). 0 ——~ 
It is shown that in the bottom atmosphere layer above the ice, 

relative humidity can be taken as independent of the altitude. 

This makes measurements of the humidity profile unnecessary. Por 

the sumner period (August), turbulent heat transfer is +208 


cal/em® per month, while loss of heat on evaporation is +199 
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Turbulent heat transfer... D237/D304 


cal/om* yer month. For the winter period, the values are -738 tae 
cal/cm@ and -73 cal/om? respectively; i.e., during the cold — 


period, the ice surface absorbs heat from the atmosphere. 8 
references. / Abstracter's note: Complete translation. 7 
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AUTHOR: Doronin, Yu, P. 


TITLE: A method of calculating the radiation balance of the 
snow~ and ice-cover in the Arctic 


PERIODIGAL: Referativnyy zhurnal, Geofizika, no. 2, 1962, 21, ab- 
stract 2B169 (Tr. Arkt. i Antarkt. n.-i. in-ta, 229, 
1961, 84-89) 


TEXT: A method is proposed for calculating the radiation balance 

of the snow- and ice-cover in the Arctic in the absence of direct 
observations. The changes in the different periods of the radia- 

tion balance components and the meteorologic parameters on which 

they depend -- the magnitudes of the albedo over the land and sea,_-— 
the relations of the amount of precipitation to the wind direc- 

tion -- are considered for a number of Arctic stations. Calcula- 

tions and estimates were made for individual components of the ra- 
diation balance. Calculations of ice melting, in which data on the 
radiation balance computed by the stated method were used, gave 
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$/169/62/000/002/038/072 
A method of calculating ... D228/D302 


satisfactory results. /Abstracter's note: Complete translation. 7 
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Effect of the initial heat supply of ice on some sas to processes. 


Probl. Arlt. 4 Antarkt. no.8:29-36 ‘41. MIRA 15:3) 
(Ice--Thermal properties) 
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Turbulent heat exchange between water and the ice cover in the sea. 
Okeanologita 1 no.5:846-850 ‘61. (MIRA 15:3) 


1. Arkticheskiy 1 antarkticheskiy nauchno-issledovatel skiy istitut. 
(Ocean temperature) (Sea ice) 
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“DCRONIN, Yu. P, AANII 


Turbulent Heat, Exchange Between Water and an Overlying Ice Cover 


At the present time vertical heat exchange at sea, when an ice cover is present, 
is usually determined by the formulas derived by N,N, Zubov. Zubov, indicates that 
vertical mixing of water at sea is only possible in a case when instability prevails, 
But turbulent mixing also occurs when there is a stable distribution of density, and 
there is also flux of heat between water and ice under these conditions, Equations 
are derived to fit this case, A study of this phenomenon was made by workers of the 
Marine “ydrophysical Institute and Moscow State University in May-August 1956 on IM 

‘SURAT eat ame eta ee ne Ge ee ee re rere pees reece ene 


_{O0e0undaannang Gonendeenenannn nenthesnenenneriamnne rec 


\pre 


the drifting station SP-l, [Tagure 1 shows curves of the vertical distribution of 
velocity beneath the ice. The equations are applied to these experimental data, Ine 
coefficient of turbulengy is derived and the values for hea exchange determined, 
Abstract: “Turbulent “eat Exchange Between the Water and “ce Cover at Sea," by 


; Yue P. DORONIN, Arctig and Antarctic Scientific Research ‘nstitutes “oscow, 


Ckeanologiya, Vol. 1, “o 5, 1961, pp 846-850) 


SOURCE: JPRS 11914, 15 dan 62, SOVIBT-BLOC RESEARCH IN GEOPHYSICS, ASTRONOMY AND 
SPACE No 27, UNCLASSIFIED 
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Calculation of heat currents in creating i 
conf. 
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(Harbors) (Ice on rivers, lakes, etc.) ; 
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(Thawing) 49 '63, (MIRA 16:9) 
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Numerical method for calculating the thickness and temperature of 
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